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Protraction of Maxillary Single Side Teeth for Substitution of Missing Canine and
1st Molar
Abstract
This case report presents a 24-year-old female with Class III skeletal pattern, anterior cross-bite,
retroclined upper incisors with missing teeth (23, 26, 46). Upper dental midline was shifted to left for 3.5
mm due to early missing of tooth 23. Maxillary sinus pneumatization was noted at both sides.
Our treatment goal was to correct upper dental midline and anterior crossbite. On the other hand, the
patient requested to close all of the extraction space and solve the problem of poor prognostic tooth 36.
Therefore, we extracted tooth 14 for crowding relief and midline correction. Interdental screw was used to
protract teeth 24-27 and substitute 23-26. In the lower arch, tooth 36 and 46 extraction space were
planned to be closed to create positive overjet.
After treatment, posterior teeth protraction was achieved at quadrant two even with maxillary sinus
pneumatization. The upper occlusal plane was maintained, although asymmetric teeth movement was
planned. The profile was improved.
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CASE REPORT

Protraction of Maxillary Single Side Teeth for
Substitution of Missing Canine and 1st Molar
Wan-Jung Tsai a,b, Szu-Ching Lee a,c, Tzu-Ying Wu a,c,*
a

Section of Orthodontics, Department of Stomatology, Taipei Veterans General Hospital, Taipei, Taiwan
School of Dentistry, Chung Shan Medical University, Taiwan
c
School of Dentistry, National Yang Ming Chiao Tung University, Taiwan
b

ABSTRACT
This case report presents a 24-year-old female with Class III skeletal pattern, anterior cross-bite, retroclined upper
incisors with missing teeth (23, 26, 46). Upper dental midline was shifted to left for 3.5 mm due to early missing of tooth
23. Maxillary sinus pneumatization was noted at both sides.
Our treatment goal was to correct upper dental midline and anterior crossbite. On the other hand, the patient
requested to close all of the extraction space and solve the problem of poor prognostic tooth 36. Therefore, we extracted
tooth 14 for crowding relief and midline correction. Interdental screw was used to protract teeth 24-27 and substitute 2326. In the lower arch, tooth 36 and 46 extraction space were planned to be closed to create positive overjet.
After treatment, posterior teeth protraction was achieved at quadrant two even with maxillary sinus pneumatization.
The upper occlusal plane was maintained, although asymmetric teeth movement was planned. The proﬁle was
improved. Taiwanese Journal of Orthodontics 2021;33(3):129e136
Keywords: Maxillary molar protraction; Substitution; Sinus pneumatization

INTRODUCTION

F

irst molars are the earliest permanent teeth
that erupt into occlusion and are prone to
expose to caries and periodontal problems, which
lead to early loss of the teeth. In case with early
missing of maxillary molars, alveolar ridge
resorption and maxillary sinus pneumatization
may occurred.1 Implantation with sinus lifting
procedure or space closure could both be challenging treatment plans.

CASE REPORT
A 24-year-old female with chief complaint of anterior cross-bite and protrusive lower lip. The patient
denied any systemic disease and drug allergy.
Clinical ﬁndings
The patient presented to our department with a
straight proﬁle. She had transverse problem with

chin deviated to her left side, and she also had
vertical problem of lip incompetence (6.5 mm interlabial gap). The smile view showed that her upper
dental midline was shifted to left for 3.5 mm and the
upper anterior occlusal plane canting with left side
downward (Figure 1).
During intraoral examination, she had anterior
cross-bite and mild crowding over lower arch. Her
overjet was 0.5 mm and overbite was 3 mm. Missing
teeth 23, 26, 46 were found. Teeth 12-21, 36, 37 were
porcelain fused to metal crowns, sinus tract at tooth 37
buccal side was found. The upper dental midline was
shift to left due to early missing of tooth 23.
The panoramic ﬁlm revealed maxillary sinus
pneumatization and mesially tilted tooth 47 due to
46 long term missing. Periapical ﬁlm showed that
teeth 36, 37 had periapical radiolucency. Incomplete
root canal ﬁlling over teeth 11, 21 and apical external
root resorption of tooth 11 was found (Figure 2).
After consulted the endodontists, 11 was diagnosed
as chronic apical periodontitis due to prior traumatic history, an endodontic retreatment was
suggested.
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Figure 1. The extraoral and intraoral photographs before treatment. Extraoral photographs showed uneven gingival line with quadrant two
downward. The intraoral photographs showed missing teeth of 23, 26, 46, with 4.5 mm edentulous space over tooth 26 and 46.

tooth 11. Large apical radiolucency of tooth 36,
37 and maxillary sinus pneumatization.

According to the lateral cephalometric radiographic analysis, the patient was diagnosed as Class
III skeletal pattern due to maxillary retrognathism
(ANB ¼ 1.5 ), normal mandibular plane angle
(SN-MP ¼ 34 ). Both upper and lower incisors were
retroclined (U1-SN ¼ 94 , L1-MP ¼ 86.5 ). The
nasolabial angle was within normal limit, with
upper lip retrusive to E-line and lower lip protrusive
to E-line (Figure 3).

Treatment plan and objectives
Our treatment goal was to correct upper dental
midline, anterior cross-bite, and improve her facial
proﬁle. Besides, the patient requested to close all of
the extraction space and solve the problem of poor
prognostic tooth 36. We informed the patient about
the possibility of leaving one canine prosthesis
space at quadrant two.
Therefore, a pure orthodontic treatment plan was
given as follows:

Diagnosis
(1) Straight proﬁle with skeletal Class III relationship
and normal mandibular plane angle, upper lip
retrusive to E-line and lower lip protrusive to Eline. Retroclined incisors with anterior cross-bite.
(2) Occlusal plane canting with quadrant two
downward over teeth 22 - 25 (Figure 1).
(3) Upper dental midline shift to L't 3.5 mm, labial
frenum and incisive papilla were also shifted to
L't side.
(4) Missing teeth 23, 26, 46.
(5) Incomplete root canal ﬁlling of teeth 11, 21
accompanied with external root resorption of

(1) Change all porcelain fused to metal crowns to
provisional crowns and refer to endodontic
retreatment of teeth 12, 11, 21, 37.
(2) Full mouth orthodontic treatment with ﬁxed
appliance.
(a) In the maxilla: Extraction of tooth 14 and
temporary anchorage devices (TADs) for
upper dental midline correction and protraction of teeth 27 to substitute 26.
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Figure 2. The panoramic ﬁlm and periapical ﬁlm before treatment.

(b) In the mandible: Extraction of tooth 36 due
to poor prognosis, protraction of tooth 37 to
close edentulous space.

plane canting was corrected with left side cantilever
arm (Figure 4a). Anterior cross-bite correction was
achieved by proclination of upper anterior teeth and
retraction of lower anterior teeth with Class III
elastics till 7th month of treatment.
After positive overjet was achieved, tooth 14 was
extracted, and upper dental midline correction was
started by right side Class II and left side Class III
elastics, tooth 13 was retracted ﬁrst, then tooth 12
and 11 were moved to right side sequentially (Figure
4d). Tooth 27 protraction was achieved by L't side
Class III elastic at initial stage.
The remaining upper dental midline correction
was achieved with the help of quadrant one IZC
TADs (A1 2  10 mm) at 32th month of treatment to
provide anchorage for distalization. At then, patient
requested to close all the remaining space over
quadrant two. We explained that the prolonged
treatment duration and further screw anchorage

Treatment progress
After temporary crown delivery and endodontic
retreatment (12, 11, 21, 37), tooth 36 was extracted,
both upper and lower dentition were bonded with
0.022  0.028 slot pre-adjusted brackets, except 1222 which was bonded with 0.018 slot pre-adjusted
brackets for better torque control.
Maxillary arch form reconstruction and anterior
teeth torque re-built was carried out sequentially by
0.016 & 0.016  0.022-inch NiTi wire, 0.018  0.022inch SSW in the upper dentition. Disocclusion was
performed by placing bite block on 17, 27 during
anterior cross-bite correction. Maxillary occlusal

Figure 3. The lateral cephalogram and measurements before treatment.
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The total treatment time was 48 months, tooth 24
was build-up at the end of treatment to mimic the
shape of 23.

requirement would be expected. However, patient
still wish to close all the spaces. To achieve this
treatment goal, we inserted two interdental screws
(MIA 1312-08) between 21, 22 and 22, 23 to help
protraction teeth 24-27 from end on Class II to full
Class II relation. Extension hook was used to prevent soft tissue impingement by power chain during
protraction (Figure 4e). During mesialization of
tooth 24-27, progressive tip-back bend was placed to
control root angulation.
In the lower arch, space closure of 36, 46 was
performed with loop mechanics at beginning
(Figure 4b), and then using sliding mechanics for
the rest 5 months (Figure 4c). Labial crown torque
bending on lower anterior teeth was performed to
maintain proper root torque during anterior
retraction.

Treatment results
After orthodontic treatment, both upper dental
midline and occlusal plane canting had been corrected. The facial proﬁle was improved by retraction
of lower lip. Besides, patient had received rhinoplasty at the end of treatment for esthetics concern
(Figure 5).
Intra-oral photos showed signiﬁcant improvement
of occlusion. The anterior cross-bite was corrected,
and all the extraction spaces were closed through
orthodontic tooth movement. Both upper and lower
arch presented symmetric ovoid shape with

Figure 4. Progress intraoral photographs. (a) Disocclusion over 17, 27 with bite block. The cantilever at quadrant two (0.017  0.025-inch CNA) for
occlusal plane canting correction. (b) Construct lower arch form with 0.016  0.022-inch CuNiTi wire, and simultaneous segmental closing loop for
36, 46 space closure (2 months). (c) 36, 46 space closed with power chains under 0.016  0.022-inch SSW with tip back bend over the second molar (4
months). (d) Keep closing maxillary space, and upper midline correction. (e) Two mini-implant anchorage screw placed between 21, 22 and 22, 24,
accompanied with extension arm from main wire to prevent soft tissue impingement. Power chain was placed from 27 hook and cross over two
extension hook to the screws to perform 24-27 protraction. Closed coil spring was placed to prevent too much mesialization of 22.
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bilateral solid Class II molar relationship. The
morphology of tooth 24 had been adjusted to substitute 23 temporarily.
The superimposition of lateral cephalometric
ﬁlms revealed that the patient had a counterclockwise rotation of mandible at the end, the mandibular plane angle was decreased about 1.5 .
Retroclined upper incisors had been corrected
through root movement, the lower incisors were
retracted and intruded bodily. Her lower lip
responded well after lower incisor retraction (Figure
6, Table 1).
According to the superimposition of models and
cephalometric ﬁlms, tooth 27 was successfully protracted about 8 mm in the crown level but achieved
with mild mesial crown tipping (Figures 7 and 8).
Periapical ﬁlm of tooth 11 showed limited root
resorption after treatment.

prosthesis, or space closure with orthodontic tooth
movement could both be treatment options. One of
the most difﬁcult part among them is closing space
through substantial molar protraction. With the
increasing popularity of mini-implant, this treatment option turns to be more feasible.
According to literature review, there were several
problems during molar protraction: Mesial tipping
of molars, mesial-in rotation and buccal sweeping of
molars which may lead to posterior crossbite.2,3 In
order to prevent the rotation problem, space closure
from both palatal and lingual side of molars, and
wire bending could be performed. Besides, mesial
tipping of posterior teeth may occur, which may
cause occlusal plane change and anterior open bite.
To prevent the unwanted side effects, we may
relocate the protracting force from the point close to
the center of rotation, and reduce the force level. In
this case, we spend more than 1 year with screw and
light force to achieve protraction.
For patients with long-term maxillary posterior
teeth missing, alveolar ridge atrophy accompanied
with maxillary sinus pneumatization could happen.

DISCUSSION
As for missing teeth cases, preservation of edentulous area for implant and ﬁxed-type bridge

Figure 5. The extraoral and intraoral photographs after treatment.
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Figure 6. The lateral cephalometric radiographic ﬁlm (a) Initial; (b) Debond; (c) Overall and regional superimposition of cephalometric tracing.

extraction,5 and the features of sinus ﬂoor, the site of
extracted tooth and the number of extracted teeth

Maxillary sinus is the largest paranasal sinus of the
maxillary bone which expands at birth and completes with the eruption of third permanent molars.4
Although the maxillary sinus maintains its size
during adulthood, expansion of the sinus may speed
up when we lose maxillary posterior teeth. According to previous studies, post-extraction pneumatization occurred in 4 to 6 months after

Table 1. Post-treatment lateral cephalogram and comparison between
pre-treatment and post-treatment measurements.
Measurements

Skeletal analysis
SNA
SNB
ANB
SN-MP (Me-Go)
Dental analysis
U1-SN
U1-NA (mm)
L1-MP
L1-NB(mm)
Soft tissue analysis
NLA
E-line
Upper
Lower

Mean

SD

Initial

Final

82.9
80.8
2.1
30.9

2.8
2.5
1.5
3.9

80
81.5
1.5
34

80.5
81
0.5
32.5

106.3
5.3
94.1
6.1

4.9
1.7
5.0
2.6

94
7
86.5
7

109
8
88
5.5

90.5
1.9
1.8

11.9
1.2
1.6

83
0
6.5

80
3
0

Figure 7. Superimposition of pre-treatment and post-treatment maxillary models.
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Figure 8. Post-treatment panoramic ﬁlm and anterior teeth periapical ﬁlm. Although tooth 27 was protracted about 8 mm over crown level, root
tipping toward distal side was noticed. Tooth 11 showed limited root resorption after treatment.

relocated teeth.13 We also found similar soft tissue
position change after treatment. It indicates that
tooth movement may alter the surrounding periodontal tissues and related attached buccal mucosa.
Upper maxillary canine plays an important role in
occlusal guidance, anterior esthetics and provides
appropriate lip support. To achieve a natural and
harmonious results after canine substitution with
ﬁrst premolar, several issues should be taken into
consideration.
First, the tooth size of canines is larger than premolars both in crown length and width. Besides, the
gingival contour usually presents a higher level on
canines. Therefore, to mimic the morphology of
canine, mesial rotation and intrusion of the premolar could be considered. The length of crown and
buccal contour could be modiﬁed with resin build
up temporarily to provide a more harmonious
frontal smile.14,15 Proper occlusal adjustment on
palatal cusp to prevent disturbance in lateral excursions would be required in most cases. In addition to selective tooth grinding, we may provide
buccal root torque to premolars through wire
bending or torque spring placement, which helped
to show canine root prominence not only for esthetics but also reduce the amount of lingual cusp
grinding.16

would inﬂuence the extent of maxillary sinus
pneumatization.5
In case with sinus proximity, the anatomic limitation of cortical bone located in the inner surface of
the sinus will restrict bodily movement of teeth.6,7
Besides, the possibility of root resorption, loss of
pulp vitality, and sinus membrane perforation may
also occurred.8 Therefore, a light, continuous force
and proper biomechanics design should be provided during orthodontic treatment.7,9 In this case,
two interdental screws were placed to secure the
stability, light continuous force was applied for
more than one year to complete posterior teeth
protraction. According to the ﬁnal treatment results,
tooth 27 was protracted about 8 mm at crown level
and 3.5 mm at root level.
Tooth 11 showed obvious apical root resorption
before treatment. External apical root resorption is
commonly encountered in patients with dental
traumatic injury.10,11 Before starting orthodontic
movement of traumatized tooth, detailed clinical
and radiographic examination should be taken, and
patient informed consent should be obtained. Regular periapical radiographs during treatment are
also necessary. Prior studies had indicated that
blunt or pipette-shaped root, jiggling orthodontic
force, and previous traumatic dental history might
increase the possibility of orthodontically induced
inﬂammatory root resorption.10 There is also strong
evidence of increasing risk of root resorption in
tooth treated with heavy forces, intrusive movements and lingual root torque.12 Hence, we aligned
tooth 11 gradually with NiTi wire and provided light
force during midline correction, with routine periapical ﬁlm follow up. Fortunately, after moving
upper incisor back to R't side, there was no signs of
obvious root resorption.
Previous case report recorded substantial incisor
side shift movement and found that labial frenum
insertion and incisive papilla moved along with the

CONCLUSION
Posterior teeth protraction may be accomplished
under proper diagnosis and orthodontic mechanics
planning. In this case, single side molar protraction
was achieved even with maxillary sinus pneumatization. The side effect of occlusal plane canting
through this asymmetric mechanics was under
controlled. Finally, with appropriate restoration to
replace the missing maxillary canine, we may achieve successful treatment results with patient's
satisfaction.
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